Introduction {#s1}
============

Antenatal care (ANC) is a key maternal service in improving a wide range of health outcomes for women and children^[@r1])^. Based on a review of the effectiveness of maternal health care services delivered^[@r2])^, the World Health Organization (WHO) recommends that all pregnant women should have at least four ANC assessments^[@r3])^. Essential elements include pregnancy surveillance, prevention of adverse conditions, recognition and management of pregnancy-related complications, advice and support regarding birth, and health education and promotion.

The Indian Public Health Standards^[@r4])^ and the Guidelines for Antenatal Care and Skilled Attendance at Birth of India^[@r5])^ recommend a minimum of four ANC visits covering service components, including general examination of height and weight, abdominal examination, measurement of blood pressure, blood tests to estimate hemoglobin, urine tests for albumin and sugar, iron and folic acid supplementation, and tetanus toxoid vaccination. There is concern regarding whether ANC actually provides the necessary service components according to these recommendations.

Studies have demonstrated the effectiveness of ANC in reducing perinatal complications in general^[@r1])^, neonatal tetanus^[@r6])^, low birth weight^[@r7])^, and perinatal mortality^[@r8])^ and in increasing professional assistance at delivery^[@r9])^. Other studies have addressed concerns regarding the quality of services^[@r10],[@r11],[@r12])^. The effectiveness is strengthened when the facilities and professionals are reasonably equipped. It should be noted that completion of four ANC visits does not necessarily correspond to receiving all of the recommended ANC service components.

Educational level of women and household economic status are known to be social determinants of ANC utilization^[@r10],[@r13])^. However, there is some concern regarding whether the contents of ANC are similar regardless of socioeconomic level. There have been limited opportunities to address the inequalities in maternal health care and use of services by women in India across states according to potential determinants of health.

The present study was performed to examine the service components of ANC received by women according to a National Family Health Survey conducted across India. The objectives of this study were to evaluate the use of individual components of ANC services by pregnant women across India in addition to numeration of ANC visits, and then analyze differences according to state, socioeconomic condition, and access to health care services.

Methods {#s2}
=======

Data source
-----------

The analysis was performed using self-reported data from the National Family Health Survey-3 (NFHS-3) conducted in India during 2005--2006^[@r14])^. Representative samples were drawn from each of the 29 states using a multistage, self-weighted sampling procedure. Three types of questionnaires were used in the NFHS-3: one for women who had ever been married within households, one for households, and one for villages. Selected variables from the household and village questionnaires were merged into an individual data file for women of childbearing age. A five-year retrospective pregnancy history was obtained from married women, aged 15--49 years, who gave birth in the five years prior to the survey. The Ethics Review Board of the International Institute of Population Sciences (IIPS) reviewed and approved the survey protocol and storage of anonymous data^[@r14])^. The overall household response rate was 97.7%, ranging from 95.9% in Maharashtra (West) to 99.6% in Uttar Pradesh (Central). The overall response rate of eligible women was 94.5%, ranging from 89.5% in Maharashtra (West) to 98.8% in Madhya Pradesh (Central) ^[@r14])^. The data from a total of 36,850 women who gave birth in the last five years were utilized as the dataset of analysis. Data concerning ANC service use pertaining to their last delivery was used in the present analysis. Openly available data from the IIPS, which did not contain information that could specifically identify individuals, were used for the research analysis.

Outcome variables
-----------------

Based on the report of the number of ANC visits during the last delivery, two groups were created: "use of ANC at least once" and "use of ANC four times or more." A report concerning tetanus toxoid injections before delivery was used as a variable for history of anti-tetanus vaccination, and a report concerning given or purchased iron tablets or syrup during pregnancy was used as a variable for history of iron supplementation.

Various service components of ANC were reported and used as outcome variables. Physical examination of the abdomen in a prone position and check for fundal height, determination of weight, and measurement of blood pressure were reported. With regard to laboratory examination, blood and urine sampling for laboratory analysis were reported separately. Advice on pregnancy consisting of receiving advice regarding the expected date of delivery, receiving advice regarding nutrition during pregnancy, and receiving advice to deliver in a hospital were reported.

Demographic and social variables
--------------------------------

The following demographic variables were collected and used for the analysis: age of women, state of residence (29 states in India), and area of residence (rural, urban).

With regard to social variables, wealth quintiles according to household wealth index (poorest, poor, middle, rich, richest), education according the highest level of education completed (none, primary school, secondary school, post-secondary education), and caste ("scheduled caste" or "scheduled tribe," other "backward" caste, none of these) were used for the analysis. Caste is based on the head of a household's self-identification as belonging to a specific social category in India; "scheduled castes" are the lowest castes in the traditional Hindu caste hierarchy, and "scheduled tribes" consist of approximately 700 tribes that tend to be geographically isolated and have limited economic and social interactions with the rest of the population^[@r15])^.

Health care access variables
----------------------------

In relation to access to health care services, information on perception of problems in obtaining medical services, place of delivery, and place of provision of ANC services was reported. Perception of problems (yes or no) in obtaining medical services was reported individually with regard to the following aspects: financial difficulties, distance to health facilities, availability of transport to health facilities, obtaining permission to go to health facilities, concerns regarding lack of health care providers in the area, and concerns regarding lack of medications in the area. A health care access score was calculated by counting the number of items in which no problems were perceived. The highest score was 6, which indicated that none of the problems were perceived, and the lowest score was 0, which indicated that problems were perceived for all 6 aspects. Place of delivery was divided into 3 categories: public institution, private institution, and home. Place of provision of ANC services was reported for those who used ANC at least once and divided into 6 categories: public hospital (government or municipal hospital), private hospital, NGO/trust hospital, two or more types of hospital, rural community health center, and other place(s).

Analysis
--------

The following indicators were calculated individually for demographic, social, and health care access categories: percentage of women receiving tetanus toxoid among all women; percentage of women who received iron supplementation among all women; percentage of women who used ANC at least once among all women; percentage of women who used ANC four times or more among all women and that among women receiving ANC at least once; and percentage of women who received individual components of ANC among women receiving ANC four times or more.

Multivariate logistic regression analyses were carried out to estimate the associations between outcome measures and demographic, socioeconomic, and health care access factors. Independent variables included in the analysis were rural/urban residence, wealth index quintile, type of caste or tribe of the head of the household, highest educational level, health care access score, place of provision of ANC services, and women's age. Odds ratios and 95% confidence intervals (CIs) adjusted for all variables, including state, were calculated.

Results {#s3}
=======

[Table 1](#tbl_001){ref-type="table"}Table 1.Percentages of women in Indian states who received medication, made antenatal care (ANC) visits, and received individual components of ANC during ANC visitsRegionNumber of subjectsMean age mean ± SDMedicationANC visitsComponents of ANCPhysical exam and measurementsLab examAdvice on pregnancyTetanus toxoidIron supplement≥ 1≥ 4≥ 4AbdomenWeightBlood pressureBloodUrineExpected date of deliveryNutritionAdvised to deliver in hospitalStateNa)a)a)a)b)c)c)c)c)c)c)c)c)ALL36,85027.0 ± 5.685.068.281.546.156.592.586.690.986.486.983.276.085.8East\[BH\] Bihar1,55026.8 ± 6.180.232.938.015.240.186.978.893.289.490.377.578.883.5\[WB\] West Bengal1,82325.5 ± 5.496.383.293.247.250.792.594.593.887.184.888.581.590.5\[JH\] Jharkhand1,15126.1 ± 5.879.451.662.522.235.685.276.687.578.978.166.860.981.6\[OR\] Orissa1,32326.7 ± 5.588.583.488.140.345.788.481.277.772.474.174.973.086.1North East\[SK\] Sikkim51827.0 ± 5.794.088.291.562.768.696.395.195.491.493.993.290.890.8\[AR\] Arunachal Pradesh59527.8 ± 6.653.849.158.227.747.785.583.686.178.277.078.859.470.3\[NA\] Nagaland1,33629.1 ± 6.368.531.264.816.926.192.066.489.464.269.583.261.572.6\[MN\] Manipur1,44329.6 ± 5.990.367.787.956.864.698.193.397.682.284.495.074.575.3\[MZ\] Mizoram60928.3 ± 6.182.861.574.445.561.189.591.087.754.259.993.157.474.0\[TR\] Tripura51726.0 ± 6.081.870.279.552.465.986.081.993.780.879.786.066.885.2\[MG\] Meghalaya74829.4 ± 7.068.358.172.347.665.893.089.988.269.765.273.376.483.7\[AS\] Assam1,19926.9 ± 5.876.663.974.128.438.386.276.884.771.574.486.881.285.0North\[JM\] Jammu and Kashmir87428.4 ± 5.486.968.285.761.772.087.930.189.694.395.255.153.678.3\[HP\] Himachal Pradesh74027.3 ± 4.593.485.890.452.458.093.390.292.091.892.091.078.186.3\[PJ\] Punjab92826.3 ± 4.590.266.490.261.468.189.172.385.185.686.773.771.282.6\[UC\] Uttaranchal87127.2 ± 4.877.363.374.639.853.478.168.672.172.374.972.166.670.9\[HR\] Haryana87326.4 ± 5.390.161.889.742.647.578.874.272.674.573.459.465.373.7\[DL\] Delhi89727.3 ± 5.092.974.888.960.968.589.093.892.790.192.185.985.990.1\[RJ\] Rajasthan1,37426.5 ± 5.775.158.775.925.533.792.075.583.584.683.270.974.481.8Central\[UP\] Uttar Pradesh4,64427.4 ± 5.973.855.068.917.825.988.571.982.674.677.769.869.286.8\[CH\] Chhattisgarh1,16126.3 ± 5.488.475.589.632.035.888.477.273.164.365.363.764.079.6\[MP\] Madhya Pradesh2,07026.8 ± 5.486.568.884.736.743.493.891.186.886.584.976.878.685.0West\[GJ\] Gujarat1,08926.4 ± 4.988.782.487.350.958.392.285.289.583.280.574.774.288.3\[MH\] Maharashtra2,29026.0 ± 4.795.183.494.866.770.396.497.596.995.695.688.379.986.5\[GO\] Goa79929.7 ± 5.097.089.498.693.294.598.198.198.597.297.393.469.585.0South\[AP\] Andhra Pradesh1,68625.3 ± 4.894.479.495.378.982.895.795.995.794.995.792.987.790.8\[KA\] Karnataka1,57725.4 ± 5.087.474.490.468.475.693.186.693.291.291.282.878.191.6\[KE\] Kerala82727.9 ± 4.898.997.099.997.998.199.095.998.998.999.696.274.490.7\[TN\] Tamil Nadu1,33826.6 ± 4.899.192.699.089.790.697.598.997.395.595.695.989.696.3a) Percentage among all women; b) percentage among women receiving ANC at least once; c) percentage among women receiving ANC 4 times or more. shows the percentages of women who received medication, made ANC visits, and received individual components of ANC during ANC visits according to the 29 Indian states. The mean age of the subjects was 27.0 (SD=5.6) years. Among all subjects, 85.0% received tetanus toxoid and 68.2% received iron supplementation, while the percentage of women who used ANC four times or more was 46.1%. The percentage of women receiving tetanus toxoid among all women by state ranged from 53.8% in Arunachal Pradesh (North East) to 99.1% in Tamil Nadu (South). The percentage of women receiving iron supplementation ranged from 31.2% in Nagaland (North East) to 97.0% in Kerala (South).

Among the women who used ANC four times or more, 97.9% received tetanus toxoid, while only 76.0% reported receiving advice about nutrition during pregnancy. The percentages of women who used ANC at least once and four times or more among all women ranged from 38.0% in Bihar (East) to 99.9% in Kerala (South) and from 15.2% in Bihar (East) to 97.9% in Kerala (South), respectively. The percentage of women who used ANC four times or more among those who used ANC at least once ranged from 25.9% in Uttar Pradesh (Central) to 98.1% in Kerala (South). The percentages of women who received individual components of ANC among those who used ANC four times or more ranged from 54.2% in Mizoram (North) to 98.9% in Kerala (South) for blood sampling and from 70.3% in Arunachal Pradesh (North East) to 96.3% in Tamil Nadu (South) for advice to deliver in a hospital.

[Table 2](#tbl_002){ref-type="table"}Table 2.Percentages of women who received medication, made antenatal care (ANC) visits, and received individual components of ANC during ANC visits according to social characteristics and access to health services in IndiaSocial characteristics and access to health servicesNumber of subjectsMedicationANC visitsComponents of ANCPhysical exam and measurementsLab examAdvice on pregnancyTetanus toxoidIron supple-ment≥ 1≥ 4≥ 4AbdomenWeightBlood pressureBloodUrineExpected date of deliveryNutritionAdvised to deliver in hospitalNa)a)a)a)b)c)c)c)c)c)c)c)c)All85.068.280.545.656.193.287.291.587.187.583.986.576.6ResidenceCountryside22,32379.962.8 p75.333.644.689.880.886.380.680.676.882.670.0Town5,70091.073.288.660.468.294.988.794.188.889.988.786.077.5Small city2,36193.475.891.565.471.495.090.595.591.892.287.689.179.3Large city6,46694.479.993.170.275.497.095.296.894.795.390.892.385.6WealthPoorest6,15466.949.259.613.723.077.072.467.662.859.552.972.857.1Poor6,46875.055.970.023.633.785.176.180.772.370.167.078.263.2Middle7,41885.165.780.939.949.490.580.287.480.681.775.581.670.4Rich8,13693.074.590.757.263.093.987.293.188.489.585.086.376.5Richest8,67497.987.397.581.283.297.594.197.394.895.593.992.084.3CasteScheduled caste or tribe12,10178.561.975.734.745.790.284.286.377.877.477.782.270.9Other "backward" class12,02885.466.379.843.654.693.787.691.988.289.084.188.578.4None of above11,05691.076.388.759.967.595.091.094.291.391.889.088.280.3EducationNone14,09471.650.465.621.733.183.371.577.873.273.961.175.462.2Primary5,25186.268.582.339.047.491.082.587.480.780.875.981.471.1Secondary14,21594.680.193.063.468.285.390.294.790.190.588.988.779.2Post-secondary3,28999.593.299.088.489.398.497.198.696.396.697.394.386.8Problems in obtaining medical servicesFinancial15,70078.258.187.356.242.988.780.785.778.778.774.580.568.8Distance to health facility18,91679.160.374.032.343.689.780.586.881.081.275.682.370.2Having transport17,53078.459.473.131.142.689.379.986.180.780.974.781.769.4Obtaining permission to go8,26079.758.875.132.943.887.678.185.381.381.771.181.069.5Concerns regarding lack of providers16,28780.362.074.835.046.890.181.287.782.582.676.484.973.3Concerns regarding lack of medicine16,48179.661.574.034.146.190.081.587.482.182.376.684.572.9None of above10,20293.580.392.066.972.796.393.296.093.193.691.690.582.3Delivery placePublic institution9,12296.083.795.969.672.695.389.695.391.591.487.887.780.0Private institution8,67396.884.595.977.881.197.293.997.094.595.092.591.783.1Home19,03574.553.567.719.528.882.570.875.366.067.061.874.958.9Place of ANC services receivedPublic hospital7,21565.294.689.993.791.091.285.286.778.3Private hospital11,05870.496.290.896.191.592.489.890.581.2NGO/Trust hospital26267.494.393.195.489.790.887.986.877.0Two or more hospitals92878.097.190.996.093.894.087.588.078.3Rural community health center3,16436.689.568.482.574.075.269.378.162.7Other places7,24230.380.476.873.567.165.866.575.763.0a) Percentage among all women; b) percentage among women receiving ANC at least once; c) percentage among women receiving ANC 4 times or more. shows the percentages of women who received medication, made ANC visits, and received individual components of ANC during ANC visits according to social characteristics and access to health care services. The percentages of women who used ANC four times or more among all women and among those who used ANC at least once, and the percentages of use of service components of ANC among women who used ANC four times or more were high among women who were not living in countryside, in women from households of the higher wealth quintile, in women from households from nonscheduled castes or scheduled tribes, and in women who had completed post-secondary education. The percentages of use of ANC among those who did not have problems in obtaining medical services were high, while those among ANC users in nonhospital settings were low.

[Table 3](#tbl_003){ref-type="table"}Table 3Associations of individual social characteristics and access to health services with received medication and antenatal care (ANC) visitsSocial characteristicsMedicationANC visitsTetanus toxoidIron supplement≥ 1≥ 4a)a)a)a)OR95% CIOR95% CIOR95% CIOR95% CIRural (vs. urban)0.89(0.81, 0.97)\*0.57(0.53, 0.61)\*\*\*0.85(0.78, 0.92)\*\*\*0.63(0.59, 0.67)\*\*\*Wealth index quintile (vs. poorest)\*\*\*\*\*\*\*\*\*\*\*\*Poor1.40(1.28, 1.53)\*\*\*1.29(1.15, 1.44)\*\*\*1.48(1.36, 1.62)\*\*\*1.45(1.30, 1.62)\*\*\*Middle2.12(1.92, 2.35)\*\*\*1.76(1.57, 1.96)\*\*\*2.05(1.86, 2.25)\*\*\*2.15(1.93, 2.40)\*\*\*Rich3.57(3.13, 4.06)\*\*\*2.86(2.53, 3.23)\*\*\*3.33(2.96, 3.74)\*\*\*3.46(3.08, 3.88)\*\*\*Richest6.86(5.64, 8.36)\*\*\*5.85(5.04, 6.78)\*\*\*5.68(4.82, 6.69)\*\*\*7.51(6.57, 8.59)\*\*\*Type of caste or tribe of the head of the household (vs. scheduled caste or tribe)\*\*\*\*\*\*\*\*\*Other 'backward' class1.16(1.07, 1.26)\*\*\*1.08(1.00, 1.17)ns1.12(1.04, 1.21)\*\*1.14(1.05, 1.22)\*\*\*None of above1.06(0.96, 1.16)ns1.27(1.17, 1.39)\*\*\*1.04(0.95, 1.13)ns1.25(1.16, 1.35)\*\*\*Highest educational level (vs. none)\*\*\*\*\*\*\*\*\*\*\*\*Primary1.85(1.67, 2.04)\*\*\*1.41(1.29, 1.55)\*\*\*1.66(1.51, 1.82)\*\*\*1.47(1.35, 1.61)\*\*\*Secondary3.11(2.81, 3.45)\*\*\*2.14(1.97, 2.32)\*\*\*2.83(2.59, 3.10)\*\*\*2.40(2.23, 2.58)\*\*\*Higher19.70(11.45, 33.89)\*\*\*5.44(4.55, 6.51)\*\*\*5.83(4.50, 7.55)\*\*\*6.16(5.34, 7.11)\*\*\*Health-care access score (vs. score=0)\*\*\*\*\*\*\*\*\*\*\*\*11.00(0.89, 1.12)ns1.16(1.02, 1.31)\*0.96(0.86, 1.07)ns1.17(1.03, 1.32)\*21.15(1.03, 1.28)\*1.10(0.97, 1.24)ns1.14(1.02, 1.27)\*1.23(1.09, 1.38)\*\*\*31.37(1.21, 1.55)\*\*\*1.16(1.02, 1.31)\*1.20(1.07, 1.35)\*\*1.24(1.10, 1.40)\*\*\*41.45(1.28, 1.64)\*\*\*1.29(1.14, 1.45)\*\*\*1.25(1.12, 1.41)\*\*\*1.33(1.19, 1.50)\*\*\*51.27(1.09, 1.48)\*\*1.33(1.16, 1.53)\*\*\*1.33(1.15, 1.53)\*\*\*1.45(1.28, 1.65)\*\*\*61.46(1.29, 1.66)\*\*\*1.58(1.40, 1.77)\*\*\*1.34(1.19, 1.50)\*\*\*1.56(1.40, 1.75)\*\*\*Women's younger age in years1.04(1.03, 1.04)\*\*\*1.02(1.01, 1.02)\*\*\*1.04(1.03, 1.04)\*\*\*1.01(1.01, 1.02)\*\*\*Adjustments were made for all variables listed and states by logistic regression analyses. a) Percentage among all women. \* *P* \< 0.05; \*\* *P* \< 0.01; \*\*\* *P* \< 0.001. shows the independent associations between received medication or ANC visits and social characteristics and access to health care obtained by logistic regression analyses. The influences of variation by state were adjusted. The unadjusted odds ratios of rural vs. urban, richest vs. poorest, non-caste vs. scheduled caste or tribe, and secondary education vs. no education for the use of ANC four times or more were 0.27, 27.16, 2.81, and 6.25. Rural living was negatively associated with receipt of tetanus toxoid and iron supplementation, and use of ANC at least once or four times or more. Higher wealth index quintile, higher educational level, and level of health care access were positively associated with receipt of tetanus toxoid and iron supplementation, and use of ANC at least once or four times or more. Tetanus toxoid, iron supplementation, and use of ANC at least once were marginally associated with caste. There was a positive association between use of ANC four times or more and nonscheduled caste or tribe.

[Table 4](#tbl_004){ref-type="table"}Table 4Associations of social characteristics and access to health care with components of antenatal care (ANC) receivedSocial characteristicsANC visitsComponents of ANCPhysical examination and measurementsLaboratory examinationAdvice concerning pregnancy≥ 4AbdomenWeightBlood pressureBloodUrineExpected date of deliveryNutritionAdvised to deliver in hospitalb)c)c)c)c)c)c)c)c)OR95% CIOR95% CIOR95% CIOR95% CIOR95% CIOR95% CIOR95% CIOR95% CIOR95% CIRural (vs. urban)0.71(0.66, 0.76)\*\*\*0.84(0.71, 1.00)\*0.84(0.74, 0.97)\*0.71(0.60, 0.83)\*\*\*0.67(0.59, 0.76)\*\*\*0.65(0.57, 0.75)\*\*\*0.93(0.82, 1.05)ns0.97(0.86, 1.09)ns0.89(0.81, 0.98)\*Wealth index quintile(vs. poorest)\*\*\*\*\*\*\*\*\*\*\*\*\*\*\*\*\*\*\*\*\*\*\*\*\*\*\*Poor1.22(1.08, 1.37)\*\*\*1.22(0.95, 1.57)ns1.04(0.82, 1.31)ns1.29(1.02, 1.63)\*1.11(0.89, 1.38)ns1.18(0.95, 1.47)ns1.35(1.10, 1.67)\*\*1.23(0.99, 1.54)ns1.09(0.90, 1.33)nsMiddle1.58(1.40, 1.77)\*\*\*1.81(1.40, 2.34)\*\*\*1.23(0.98, 1.55)ns1.52(1.20, 1.93)\*\*1.40(1.12, 1.74)\*\*1.82(1.47, 2.27)\*\*\*1.75(1.42, 2.15)\*\*\*1.45(1.17, 1.79)\*\*1.45(1.20, 1.75)\*\*\*Rich2.23(1.97, 2.53)\*\*\*2.21(1.67, 2.92)\*\*\*1.82(1.42, 2.33)\*\*\*2.34(1.80, 3.04)\*\*\*1.98(1.57, 2.49)\*\*\*2.71(2.14, 3.42)\*\*\*2.81(2.26, 3.51)\*\*\*1.78(1.42, 2.24)\*\*\*1.73(1.42, 2.10)\*\*\*Richest4.27(3.70, 4.94)\*\*\*4.46(3.18, 6.25)\*\*\*3.28(2.47, 4.36)\*\*\*4.38(3.20, 6.00)\*\*\*3.38(2.58, 4.42)\*\*\*4.84(3.68, 6.37)\*\*\*5.50(4.27, 7.09)\*\*\*2.43(1.88, 3.13)\*\*\*2.39(1.93, 2.96)\*\*\*Type of caste or tribe of the head of the household (vs. scheduled caste or tribe)\*\*\*nsnsns\*\*\*\*\*\*\*ns\*Other 'backward' class1.09(1.01, 1.18)\*1.02(0.85, 1.23)ns0.93(0.80, 1.08)ns1.15(0.97, 1.37)ns1.16(1.01, 1.34)\*1.30(1.12, 1.50)\*\*\*1.11(0.97, 1.27)ns1.07(0.94, 1.23)ns1.08(0.97, 1.21)nsNone of above1.22(1.13, 1.32)\*\*\*1.08(0.90, 1.30)ns1.10(0.94, 1.28)ns1.14(0.96, 1.36)ns1.35(1.17, 1.56)\*\*\*1.43(1.24, 1.66)\*\*\*1.21(1.06, 1.39)\*\*1.05(0.92, 1.20)ns1.15(1.03, 1.29)\*Highest educational level(vs. none)\*\*\*\*\*\*\*\*\*\*\*\*\*\*\*\*\*\*\*\*\*\*\*\*\*\*\*Primary1.26(1.15, 1.38)\*\*\*1.45(1.18, 1.78)\*\*\*1.19(1.00, 1.42)\*1.42(1.18, 1.71)\*\*\*1.25(1.06, 1.48)\*\*1.17(0.99, 1.39)ns1.33(1.14, 1.55)\*\*\*1.18(1.01, 1.38)\*1.23(1.08, 1.42)\*\*Secondary1.85(1.71, 2.00)\*\*\*1.83(1.53, 2.19)\*\*\*1.78(1.53, 2.07)\*\*\*2.18(1.84, 2.58)\*\*\*1.78(1.54, 2.06)\*\*\*1.55(1.34, 1.80)\*\*\*2.24(1.96, 2.55)\*\*\*1.89(1.65, 2.17)\*\*\*1.63(1.45, 1.84)\*\*\*Post-secondary4.18(3.60, 4.85)\*\*\*3.43(2.36, 4.98)\*\*\*4.88(3.64, 6.54)\*\*\*4.98(3.42, 7.26)\*\*\*3.19(2.46, 4.14)\*\*\*2.56(1.95, 3.35)\*\*\*6.13(4.64, 8.12)\*\*\*3.21(2.57, 4.02)\*\*\*2.06(1.74, 2.45)\*\*\*Health care access score(vs. score=0)\*\*\*\*\*\*ns\*\*\*\*\*\*\*\*ns\*\*11.18(1.03, 1.35)\*1.15(0.87, 1.54)ns1.28(0.99, 1.66)ns0.99(0.75, 1.29)ns1.08(0.85, 1.39)ns0.92(0.72, 1.18)ns1.15(0.91, 1.45)ns1.00(0.79, 1.28)ns1.21(0.98, 1.49)ns21.15(1.02, 1.31)\*1.10(0.85, 1.44)ns1.04(0.82, 1.31)ns0.98(0.76, 1.27)ns0.91(0.73, 1.15)ns0.98(0.78, 1.24)ns1.03(0.83, 1.27)ns1.10(0.88, 1.38)ns1.13(0.94, 1.37)ns31.14(1.00, 1.30)\*1.31(0.99, 1.75)ns0.91(0.71, 1.16)ns1.12(0.85, 1.47)ns0.95(0.75, 1.21)ns1.02(0.80, 1.30)ns0.89(0.71, 1.11)ns1.01(0.80, 1.27)ns0.95(0.78, 1.15)ns41.2(1.07, 1.36)\*\*1.33(1.01, 1.74)\*1.00(0.80, 1.26)ns1.04(0.81, 1.35)ns1.03(0.82, 1.29)ns0.99(0.78, 1.24)ns1.04(0.85, 1.29)ns1.02(0.82, 1.27)ns1.25(1.04, 1.50)\*51.33(1.16, 1.53)\*\*\*1.39(1.03, 1.89)\*1.12(0.87, 1.45)ns0.97(0.73, 1.29)ns1.00(0.78, 1.27)ns0.97(0.75, 1.25)ns1.23(0.98, 1.56)ns1.03(0.82, 1.30)ns1.07(0.88, 1.30)ns61.45(1.29, 1.63)\*\*\*1.50(1.16, 1.94)\*\*1.26(1.01, 1.58)\*1.32(1.03, 1.70)\*1.40(1.13, 1.75)\*\*1.37(1.09, 1.71)\*\*1.40(1.14, 1.71)\*\*1.22(0.99, 1.50)ns1.25(1.05, 1.48)\*Women's younger age in years1.00(1.00, 1.01)ns1.01(1.00, 1.02)ns0.99(0.98, 1.01)ns1.00(0.98, 1.01)ns1.01(1.00, 1.02)ns1.02(1.00, 1.03)\*\*1.00(0.99, 1.01)ns1.01(1.00, 1.02)ns1(0.99, 1.00)nsPlace of ANC services received (vs. public hospital)\*\*\*\*\*\*\*\*\*\*\*\*\*\*\*\*\*\*\*\*\*\*\*\*\*\*\*Private hospital1.23(1.14, 1.34)\*\*\*1.23(1.01, 1.50)\*1.10(0.94, 1.28)ns1.40(1.16, 1.69)\*\*\*0.86(0.74, 1.00)\*0.96(0.82, 1.12)ns1.48(1.29, 1.69)\*\*\*1.19(1.05, 1.36)\*\*1.08(0.97, 1.20)nsNGO/trust hospital1.09(0.79, 1.49)ns0.98(0.48, 2.03)ns1.66(0.85, 3.24)ns1.23(0.57, 2.63)ns0.89(0.51, 1.55)ns1.15(0.63, 2.10)ns1.37(0.80, 2.35)ns0.97(0.59, 1.59)ns1.05(0.70, 1.57)nsTwo or more hospitals1.70(1.40, 2.05)\*\*\*1.43(0.90, 2.29)ns1.30(0.91, 1.84)ns1.48(0.97, 2.27)ns1.32(0.93, 1.86)ns1.36(0.95, 1.93)ns1.19(0.90, 1.58)ns0.86(0.66, 1.11)ns0.91(0.73, 1.12)nsRural community Health center0.65(0.58, 0.73)\*\*\*0.91(0.69, 1.20)ns0.57(0.46, 0.70)\*\*\*0.61(0.48, 0.77)\*\*\*0.50(0.41, 0.60)\*\*\*0.57(0.47, 0.69)\*\*\*0.92(0.76, 1.11)ns0.83(0.68, 1.00)ns0.75(0.64, 0.88)\*\*\*Other places0.52(0.47, 0.57)\*\*\*0.37(0.31, 0.45)\*\*\*0.57(0.48, 0.67)\*\*\*0.32(0.26, 0.38)\*\*\*0.30(0.26, 0.35)\*\*\*0.28(0.24, 0.33)\*\*\*0.53(0.46, 0.62)\*\*\*0.64(0.55, 0.74)\*\*\*0.60(0.53, 0.68)\*\*\*Adjustments were made for all variables listed and states by logistic regression analyses. b) Percentage among women receiving ANC at least once; c) percentage among women receiving ANC 4 times or more. \* *P* \< 0.05; \*\* *P* \< 0.01; \*\*\* *P* \< 0.001. shows independent associations of use of ANC four times or more and receipt of individual components of ANC with social characteristics and access to health care obtained from logistic regression analyses. The influences of variation by state were adjusted. The unadjusted odds ratios of rural vs. urban, richest vs. poorest, non-caste vs. scheduled caste or tribe, and secondary education vs. no education for blood pressure examination were 0.30, 17.27, 2.58, and 5.10. Rural residence showed strong negative correlations with use of ANC four times or more, blood pressure examination, blood sampling for laboratory examination, and urine sampling for laboratory examination. Wealth and education showed strong positive correlations with use of ANC four times or more and all components of ANC. Caste was correlated with use of ANC four times or more and blood sampling for laboratory examination. Health care access was positively correlated with use of ANC four times or more but showed no relations with components of ANC. Those receiving ANC at private hospitals were more likely to use ANC four times or more, have a blood pressure examination, receive advice about their expected date of delivery, and receive advice about nutrition during pregnancy than those receiving ANC at a public hospital. Women receiving ANC at rural community health centers were less likely to use ANC four times or more, to have their weight determined, to have a blood pressure examination, to have blood and urine sampled for laboratory examination, and to receive advice to deliver in a hospital. Those receiving ANC at places other than hospitals or health centers were less likely to use ANC four times or more or to receive individual components of ANC.

Discussion {#s4}
==========

A nationally representative sample of 36,850 women across India showed disparities in use of ANC by state. Even among those who used ANC four times or more ― 46.1% of all pregnant women, ranging from 15.2% to 97.9% by state ― the percentages of those who received individual components of ANC varied substantially by state. Household wealth and education of women were independently associated with use of ANC and receipt of individual components of ANC, after excluding the influence of differences between states. Nonscheduled caste or tribe showed a marginal association with use of ANC and receipt of individual components of ANC, after excluding the influence of differences between states. Rural residence was negatively associated with use of ANC and marginally associated with receipt of individual components of ANC, after excluding the influence of differences between states. Good access to health care services was positively associated with use of ANC, but there were few differences in receipt of individual components of ANC according to access to health care among those who used ANC four times or more. Place of provision of ANC services was associated with use of ANC four times or more and receipt of individual components of ANC. Women using private hospitals showed advantages over those using public hospitals, who in turn showed advantages over women using rural community health centers and those receiving ANC outside of hospitals or health centers.

While comparisons of the use of maternal health services between countries have encouraged individual countries to achieve the United Nations Millennium Development Goals (MDGs) 4 (reduce child mortality) and 5 (improve maternal health)^[@r16],[@r17])^, less attention has been given to differences within countries. While social gradients in use of health services according to differences in economic status and education have been investigated^[@r13],[@r18])^, there has been little research regarding differences according to geographic or administrative boundaries. In some states, such as Kerala and Goa, more than 93% of women used ANC four times or more, while in Bihar and Nagaland, this figure was less than 17%. Even limiting the investigation to those who used ANC four times or more, there were disparities between states in the components of ANC that the women received.

Use of ANC, tetanus toxoid vaccination, and iron supplementation were strongly related to higher level of household wealth and higher level of education among women. These social gradients in use of maternal health services were consistent with evidence from other countries and specific regions^[@r19],[@r20],[@r21],[@r22])^. Further, this study addressed social gradients in the receipt of components of ANC, i.e., whether the women were examined for blood pressure, if blood or urine samples were taken for laboratory examination, if they were advised regarding the expected date of delivery, etc. For monitoring of ANC services, not only the number of times women used ANC, but also if the recommended components of ANC were provided to the participants should be assessed to make ANC as a comprehensive service equally available regardless of socioeconomic status. Previous qualitative studies suggested that people may refrain from using health care services if they perceive the quality of care to be insufficient^[@r23],[@r24])^.

There were associations between caste and the use of ANC as well as service components of ANC provided, although they were marginal as indicated in previous studies^[@r10],[@r20])^. Significant independent associations were shown in relation to blood and urine sampling for examination, although associations for other variables were marginal or nonexistent. Crude odds ratios by caste still show significant associations between caste and use of ANC, although the public legitimacy of the caste system in India is diminishing^[@r15])^. Therefore caste still matters in India for the use of critical maternal health services. Women belonging to a "scheduled caste" or "scheduled tribe" account for 34% of the population, and this issue will require careful attention.

There are a number of concerns regarding the functioning of health services in rural areas, such as absenteeism of doctors and other health providers, low of skill levels of health care professionals, shortage of medicines, inadequate supervision/monitoring and callous attitude^[@r25])^. However, a previous study on the use of ANC in southern states in India did not indicate a rural-urban gap^[@r20])^. The activities of multipurpose health workers that service rural communities where the health infrastructure and transportation facilities are underdeveloped were estimated to fill such gap^[@r20])^. The present study indicated significant differences between rural and urban women in receiving recommended ANC, suggesting that interventions are needed to alleviate the rural-urban gap function in selected states, but there are still such gaps in other states. The relatively low availability of ANC service components to poor and illiterate women and low availability of ANC in rural areas highlight the "inverse health care law"^[@r26])^, which states that those who need it the most get the least health care.

Access to health care services was reported to be associated with the use of ANC^[@r27],[@r28])^. The results of the present study clearly indicated that access to health care was associated with ANC use itself. For women making use of ANC at least four times, the components of services provided were similar regardless of accessibility of services. However, there were differences in use of ANC and its components between public or private hospitals and rural community centers. ANC users at rural community health centers and users of nonhospital and non-health center services received fewer components of ANC services. Therefore, further attention should be paid to those areas where access to public or private hospitals is limited and to households with difficulties in accessing such facilities.

Provision of required individual service components, differed according to the places where women receive ANC. Women who received ANC at private hospitals were more likely to have a blood pressure examination but less likely to have a blood examination than women receiving care at public hospitals. These results may be related to the difference in the cost of provision of individual service components. Systematic evaluation of completion of required components of ANC will contribute to quality control of services.

The disparities in use of service components of ANC according to socioeconomic class and access to health facilities suggest a need for expansion of health care services, universal health coverage, and development of means to provide information and services to those who need it the most. Previous studies identified the deployment of services and health workers to the areas with the greatest needs, task shifting, reduction of financial barriers to access services, and conditional cash transfers as approaches to reduce disparities according to socioeconomic class^[@r17],[@r29])^.

The Government of India supports restructuring of the health care delivery mechanism so that services target underserved population^[@r30])^. Use of information and communication technology (ICT) could potentially enable provision of services to distant places and across different strata of society^[@r31])^, at relatively low cost. There are efforts to gain benefits of the use of ICT to improve ANC service delivery in resource-constraint countries.

The results of this study should be interpreted within the context of the limitations of the data. The data only reflect whether an ANC service component was or was not utilized and not the actual quality of the service component. The self-reported questionnaire used in this study may have been affected by recall bias. To reduce the degree of this potential source of bias, only the components of ANC service for women pertaining to their last birth were addressed in the present study. Influence of parity on the use of ANC and its service components could be discussed when parity is examined and included in the analyses^[@r32])^. Some women may have utilized the services of Indian traditional medical systems, and care-seeking behavior in this sector was not accounted for in this study.

There has been a great deal of progress in the national average statistics of maternal health care in India^[@r16])^. However, there is still a large degree of variation in use of ANC and its service components among states, urban-rural differences, and sociodemographic characteristics. Therefore, a mechanism for regular monitoring of sociodemographic and geographic differences in maternal health care in this country is urgently required.

In conclusion, this study provided systematic evidence of substantial inequalities in use of ANC and its service components by women in India across geographic areas, socioeconomic conditions, and levels of access to health care services. The relationships between individual required components of ANC and places where ANC services were provided differed according to the components. Systematic evaluation of completion of required components of ANC will contribute to quality control of services. In addition to reducing socioeconomic inequalities, it is necessary to develop programs to ensure the provision of quality services to those with limited access to health care services. Continuous monitoring of differences across states and socioeconomic classes in use of ANC will be critical to create an evidence base to distinguish which population subgroups require special attention in this area.
